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Abstract 
Solar radiation prediction is a nonlinear and non-stationary process. It’s hard to model with a single method. A 
wavelet neural network model was set in this paper. The nonlinear process of solar radiation was forecasted by neural 
network and the non-stationary process of solar radiation was decomposed into quasi-stationary at different frequency 
scales by multi-scale characteristics of wavelet transform. The model was trained with temperature, clearness index, 
and phase space reconstruction radiation data. Simulation results indicate that the method is satisfactory to the 
prediction of solar radiation.
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1. Introduction 
Prediction of solar radiation has a particular significance in many different areas, such as photovoltaic 
power generation system [1]. It is currently researched by many scholars. Because of different season, 
weather conditions, and other factors, solar radiation is a strong stochastic process [2]. The common 
prediction method has ARMA method [3]. This method that based on radiation stability hypothesis did 
not match with the actual situation. Neural network method has great advantage of solving nonlinear 
problems. Main prediction methods include Adaptive Neural-Fuzzy Inference Scheme (ANFIS) [4] 
Chaos Optimization Neural Networks [5]. But the neural network method requires further study to solve 
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the non-stationary problem. Fourier series approximation [6] was based on half-sine function assumption, 
without considering the impact of weather. It is different from the real situation. 
Wavelet analysis of non-stationary series has the ability of multi-scale decomposition. The non-
stationary series can be decomposed into quasi-stationary series [7]. The purpose of phase space 
reconstruction is to determine the dimension and delay time of reconstruction. The current methods to 
determine the delay time include Autocorrelation function [8] and Mutual Information method [9]. 
Mutual information is from information theory. This method can be used to analyze linear or nonlinear 
systems [10]. It is available to solve the nonlinear problem of the prediction of solar radiation. 
In this paper the multi-scale decomposition characteristic of wavelet and nonlinear approximation 
ability of neural network were used to establish the solar radiation wavelet neural network model. The 
model was trained with phase space reconstruction solar radiation data and made prediction of solar 
radiation. 
2. Wavelet neural network model of solar radiation  
Solar radiation wavelet neural network model is based on BP neural network topology.The structure 
of the model can be seen in Fig.1. 
 
 
Fig.1. wavelet neural network model of solar radiation prediction 
As shown in fig.1, 1 2X [ , ,......, ]
T
nx x x=  is the input of solar radiation wavelet neural network and 
o the output. The input and output weights of the network are ijv  and jkw . Let the number of input layer 
neuron is n and hidden layer m, so 1,2,3...i n=  and 1,2,3...j m= .  Morlet function was selected as the 
hidden layer neuron activation function. The form of the function is as follows: 
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A wavelet sequence can be received by dilation and translation: 
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Where: ja —Scale factor; jb —translation factor. 
2.1.   Parameter adjustment of solar radiation wavelet neural network  
The output of solar radiation wavelet neural network is: 
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Definition of wavelet neural network error function: 
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Where: d — the expectance output of neural network. 
Solar radiation wavelet neural network weights and the wavelet basis function parameters adjustment 
were based on gradient descent, 
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2.2.  Phase space reconstruction of solar radiation data 
The average daily solar radiation data from 1995 to 1999 used in this paper can be seen in Fig.2. 
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Fig.2. average daily solar radiation 
Using mutual information method to analyze the data, the result can be seen in Fig.3. 
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Fig.3. mutual information method of the delay time obtained 
The first time that the mutual information function came to the minimum value is the best value of τ , 
then τ =12. The value of embedding dimension was obtained from 1 to 30 through the analysis of 
correlation dimension. The result can be seen in Fig.4. 
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Fig.4.G-P method of embedding dimension obtained 
With the increase of embedding dimension m , md will gradually increase and converge to a fixed 
value. According to Taken embedding theory, there is correlation dimension 2 1mm d≥ + . In this paper 
md =2.72, so the embedding dimension is 7. 
3. Numerical example 
The network was trained with phase space reconstruction of solar radiation data, temperature, and 
clearness index data. The prediction result can be seen in Fig.5 (a), and relative error in Fig.5 (b). 
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Fig.5. prediction result and relative error 
As shown in Fig.5 (b), the relative error of wavelet neural network is less than 3%. 
4. Conclusion 
In this paper the wavelet analysis and neural network were used to establish the solar radiation wavelet 
neural network model. The model was trained with phase space reconstruction solar radiation data. The 
conclusion obtained from this study is as follows: 
1) Using wavelet neural network to predict solar radiation can solve the nonlinear and non-
stationary problem. After trained with a certain number of data it can predict solar radiation energy well. 
2) Using phase space reconstruction data of solar radiation to train the wavelet neural network can 
improve the prediction accuracy and less time-consuming. 
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